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ABSTRACT. Utilizing the marine meteorological data of the period 1961-81, the sea level pressure (SLP) and sea
surface temperature (SS'ﬁ distributions have been obtained on a 5° grid-mesh over the north Indian Ocean area bounded by
0° - 25°N, 50°- 100°E for each individual year. It has been found that the SLP and SST fields for the month of May provide
predictive indications of subsequent summer monsoon rainfall over India. Significant negative correlations have been found
between the mean SLPs of May over the latitudinal belts 5°-10°, 10°- 15°, 15°-20° and 20°-25°N of Arabian Sea and Bay of
Bengal and all India rainfall departures of succeeding summer monsoon season. The mean SST gradient over the Arabian Sea
between 7.5°-17.5°N during May has been found to have significant positive correlation with all India rainfall of subsequent
monsoon. The study suggests that certain functions of SLP and SST of May over the north Indian Ocean can prove to be useful

predictors for subsequent summer monsoon rainfall over India,
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1. Introduction

The summer monsoon rainfall over Indiansubcontinent
possesses large interannual variability. There are indications
that the variations in the activity of summer monsoon are
related to the variations of the circulation, Sea Level Pres-
sure (SLP), Sea Surface Temperature (SST) etc. over the
Indian Ocean. Shukla and Misra (1977) have suggested the
links between SST and wind speed over the central Arabian
Sea, and the monsoon rainfall over India. Weare (1979) has
studied the relationship between SSTs and the Indian mon-
soon. Singh (1993) and Singh and Joshi (1993) have shown
that meteorological and oceanographical conditions, pre-

* Present affiliation - Meteorological Centre, Bhubaneswar, India.

vailing over the north Indian Ocean before the commence-
ment of summer monsoon season, have significant influence
on the subsequent monsoon rainfall over India. The objec-
tive of this paper is to document the interannual variabilities
of SLP, SST and their gradients over the north Indian Ocean
(north of Equator) and to study their relationships with the
variability of summer monsoon rainfall over India.

2. The data and methodology

About one lakh marine meteorological observations for
the month of May during the period 1961-81 recorded over
the north Indian Ocean have been processed and analysed.
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TABLE 1
CCs between the mean SLPs of different latitudinal belts and all
India rainfall departure for summer monsoon

TABLE 2
CCs between the SLP gradients of May and the
succeeding monsoon rainfall over India

S. Predictor CC with the rainfall S. SLP parameter CC with the rainfall
No. departure No. departure

1. Mean SLP over 0°-5°N -0.37 1. Mean SLP gradient over the Arabian +0.19

2 Mean SLP over 5°-10°N -054" Sea between 22.5°-2.5°N

3. Mean SLP over 10°-15°N -052" 2 Mean SLP gradient over the Bay of +0.23

4. Mean SLP over 15°-20°N -0.56 Bengal between 17.5°-2.5°N

5. Mean SLP over 20°-25°N -0.58"" 3 Mean SLP gradient between the Head +0.38
*Significant at | % level ** Significant at 5 % level Bay of Bengal and the southwest

For the determination of SST fields the data has been sup-
plemented by the real-time marine observations and the
ships log data of Indian Voluntary Observing Fleet for the
period 1982-91. This was done to enlarge the time- series of
SST, which appeared necessary keeping in view the lesser
number of SST observations as compared to those of SLP.
Needless to mention, only selected ships report SST,
whereas, SLP is reported by all ships, namely selected,
supplementary and Auxiliary. Thus the SST variations have
been studied for the period 1961-91 (for Arabian Sea only)
whereas, the SLP variations have been studied for 1961-81
(for Arabian Sea and Bay of Bengal both).

The summer monsoon rainfall data published in Mausam
have been utilized to obtain the all India area-weighted rainfall
departures from normal for June to September,

The monthly means of SLP for May month have been
worked out for each 5° square over the north Indian ocean
area north of Equator between 50°- 100°E for each individ-
ual year of the period 1961-81. The means of SLP have also
been computed for each of the latitudinal belts, 0-5°, 5°- 10°,
10°-15°, 15°-20° and 20°- 25°N covering the areas of Ara-
bian Sea and Bay of Bengal both. The Coefficient of Corre-
lation (CC) between the mean SLP of cach of above
latitudinal belts and all India percentage rainfall departure
from normal for June to September has been computed. The
CCs between the north-south pressure gradients over Ara-
bian Sea and Bay of Bengal, and all India rainfall of summer
monsoon season have also been computed.

The monthly means of SST for May have been obtained
for each 5° square over the Arabian Sea area bounded by
5°-20°N between 50°-80°E. The CC between mean SST of
each of the areas 5°-10°N and 50°-80°E, 10°- 15°N &
50°-80°E and 15°-20°N & 50°-80°E, and all India rainfall
departure of summer monsoon season has been computed.
In addition, the CC between the incan SST gradient over the
Arabian Sea (7.5°-17.5°N) and seasonal rainfall over India
has also been computed.

Arabian Sea area, 0.5° N, 50°-60° E

3. Results and discussion

3.1. Relationship between the SLP fields during May
over Arabian Sea and Bay of Bengal, and the ac-
tivity of subsequent summer monsoon over India

The CCs between the mean SLPs of May over different
latitudinal belts of the Arabian Sea and Bay of Bengal and
all India percentage rainfall departures from normal for
subsequent summer monsoon have been given in Table 1.

It is evident from Table 1 that there exists a negative
correlation between the SLP of May over the north Indian
Ocean (north of the Equator) and the subsequent Indian
summer monsoon rainfall. Generally, the CC-values in-
crease monotonically from the Equator to 25°N. Thus the
SLPs of northern Arabian Sea and northern Bay of Bengal
are significantly correlated to the Indian monsoon rainfall.
The mean SLP of the Equatorial north Indian Ocean (0°-
5°N) does not show any significant correlation with the
monsoon rainfall. It appears that the mean SLP of May over
the north Indian Ocean area between the latitudes 5°N and
25°N can prove to be a useful predictor for the subsequent
monsoon rainfall over India. This predictor would be highly
stable as it is consistently showing negative correlation over
a vast oceanic area. Another significant feature is that there is
a very little latitudinal variation in the CCs from 5°N to 25°N
(the CCs range from —0.54 to —0.58 only). Due to this reason
it is advisable to consider the mean SLP of entire oceanic area
from 5°-25°N as predictor for the monsoon rainfall.

Due to the lower magnitude of CC for the SLP over
0°-5°N as compared to those over the northern parts of
Arabian Sea and Bay of Bengal, the probable correlation
between the north-south SLP gradients over the Arabian Sea
and Bay of Bengal, and the monsoon rainfall was also
looked into. But no significant correlation between the SLP
gradients and the monsoon rainfall could be found. The
computed CCs are given in Table 2.

The interesting aspect of the CC-values shown in Table
2 is that all CCs are positive. The CC between the SLP
gradient from Head Bay to extreme southwest Arabian Sea
and the monsoon rainfall which is + 0.38 deserves some
attention. It is well known that the direction of pressure
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Fig.1. Composite SLP anomalies for the month of May of good summer monsoon years of 1961, 1970

and 1975

gradient force over the north Indian Ocean (north of Equa-
tor) during the month of May is from southwest to north-
west. In other words highest SLPs are observed over the
southwest Arabian Sea and the lowest SLPs are observed
over the Head Bay of Bengal during May. Although the
pressure gradient force between the Mascarene High area
and the northern parts of Indian seas may be of paramount
importance for the monsoon, the pressure gradients over the
Indian seas themselves cannot be overlooked. Higher initial
pressure gradient force over the Indian seas before the
commencement of summer monsoon appears to be favour-
able for the monsoon. But the role of the pressure gradient
over the Indian seas seems to be much less significant as
compared to the mean pressure itself. This is, perhaps, the
best interpretation that can be made of various computed
CCs between SLP parameters and the monsoon rainfall.
The gridwise composite SLP anomalies during May of
the good and bad summer monsoon years have been pre-
sented in Figs.l and 2 respectively. The good summer
- monsoon year has been defined as the year during which all
India summer monsoon rainfall exceeded 110% of the nor-
mal and the bad monsoon year as the one during which all
India monsoon rainfall was less than 90% of the normal
rainfall. Thus during 21 years period from 1961-1981, the
years 1961, 1970 and 1975 were taken to be good monsoon
years whereas the years 1965, 1966, 1968, 1972, 1974 and
1979 turned out to be bad monsoon years. The striking
feature brought out by Figs. 1 and 2 is that the entire oceanic
area of the Arabian Sea and Bay of Bengal was dominated
by negative SLP anomalies during good monsoon years

whereas during May of bad monsoon years positive anoma-
lies prevailed. Another aspect revealed by the spatial distri-
butions of SLP anomalies is that the contrast of anomalies
during good and bad monsoon years appears to be more
pronounced over the Arabian Sea as compared to that over
the Bay of Bengal. Further, over the Arabian Sea itself the
anomaly contrast between good and bad monsoon years is
more over the western Arabian Sea.

These features are clearly brought out by Figs.3 and 4
which depict longitudinal and latitudinal variations of com-
posite SLP anomalies during good and bad monsoon years.
Thus the mean SLP of May over the Arabian Sea, particu-
larly over the area; 5°-20°N between 50°-65°E appears to
possess promise for a potential predictor for the subsequent
summer monsoon rainfall over India.

3.2. Relationship between the SST distribution during
May over the Arabian Sea and the activity of sub-
sequent summer monsoon over India

The CCs between mean SSTs of May over different
latitudinal belts of Arabian Sea and all India percentage
rainfall departures for subsequent summer monsoon season
have been given in Table 3.

Although the CCs shown in Table 1 are not very high,
the interesting aspect is that there exists a negative correla-
tion between SST of 5°-10°N and the monsoon rainfall,
whereas the CC is positive from SST of 15°-20°N and the
rainfall. This clearly shows that SST itself does not appear
to be a potential predictor for the monsoon rainfall, whereas
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Fig.2.  Composite SLP anomalies for the month
1968, 1972, 1974 and 1979
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SST gradient from 7.5° to 17.5°N is a potential predictor.
Necessitated with this observation, the CC between SST
gradient over the Arabian Sea during May and the ensuing
summer monsoon rainfall over India was computed which
turned out to be highly significant; the value being +0.61
(significant at 1% level).

The gridwise composite SST anomalies over the Ara-
bian Sea during May of good and bad monsoon years have
been given in Figs.5 & 6. As pointed out in Section 2 the

gridwise SST normals have been obtained using the data of
31 years period from 1961-91. During this period the good
summer monsoon years were 1961, 1970, 1975, 1983 and
1988, whereas bad monsoon years were 1965, 1966, 1968,
1972, 1974, 1979, 1982, 1986 and 1987. The interesting
features brought out by Figs.5 and 6 are the following:

(1) It is evident from Fig.5 that south Arabian Sea area
between 5°-10°N was consistently dominated by negative SST
anomalies, whereas north and adjoining central Arabian Sea
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Figd.  Longitudinal variation of composite SLP anomalies during May over the Arabian Sea and Bay of

Bengal for good and bad monsoon years

TABLE 3
CCs between mean SSTs of different latitudinal belts and all
India rainfall departure for summer monsoon

8 Predictor C'C with the rainfall
No. o departure
| Mean SST over Arabian Sea between -0.21
5°- 10°N
2. Mean SST over Arabian Sea between +0.17
10°- 15°N
3 Mean SST over Arabian Sea between +0.30
15°- 20°N

area between 15°- 20°N was covered by positve SST anoma-
lies during May of good monsoon years. The Lutitudinal belt
10°-15°N appears 10 be the transitional belt where the anoma-
lics ranged from -0.3°C 10 + 0.4°C from west o cast. The
highest negative anomaly (-0.6°C) was observed over extreme
southwest Arabian Sea area between 57-10°N, 50°- 55°E;
whereas, highest positive anomaly (+.4°C) was observed over
the areas 15°-20°N, 60°- 65°E, 10°-15°N and 70°-75°E. Thus
south Arabian Sea between 5°-10°N tends to be cooler than
normal and the north and adjoining central Arabran Sea be-
tween 15°-20°N tends to be warmer than normal during May
month of good monsoon ycars,

(ii) Fig.6 shows that positive SST anomalies prevailed
over the south Arabian Sea arca between 57- 10°N, whereas
the anomalies were negative over the latitudinal belt 15°-
20°N during May of bad monsoon years. Thus south Ara-
hian Sea between 5°-10°N showed cooler tendencies,
whereas north and adjoining central Arabian Sea between
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Fig.5.  Composiie SST anomalies for the month of May of good summer

monsoon years of 1961, 1970, 1975, 1983 and Y88

15°-20°N showed warmer tendencies before the commence-
ment of bad summer monsoons.

This type of change in the SST field over the Arabian
Sea in May appears to be interesting as well as significant.
The pronounced fluctuations in the SST are exhibited by the
areas; 15°-20°N between 60°-65°E, 5°- 10°N between 50°-
55°E and 10°-15°N between 70°-75°E. The differences in
the SSTs during May of good and bad mensoon years over
these areas are 1.1°C, 1.0°C and 0.8°C, respectively which
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Fig.6. Composite SST anomalies for the month of May of bad monsoon
years of 1965, 1966, 1968, 1972, 1974, 1979, 1982, 1986 and
1987

appear to be substantial. Thus it is not surprising that the
mean SST gradient between 7.5°N to 17.5°N over the Ara-
bian Sea during May showed significant correlation with the
monsoon rainfall.

The latitudinal variation of composite SST anomalies
during May of good and bad monsoon years has been shown
in Fig.7 which shows that the anomaly contrasts for good
and bad monsoon years are pronounced at the mean latitudes
7.5°N and 17.5°N. There is a very little difference in the
mean composite anomalies at the mean latitude 12.5°N.

4. Conclusions

In the context of Indian summer monsoon a question is
often asked; "How important is the initial state of Indian
Seas, particularly of the Arabian Sea for the subsequent
monsoon?" The present study has partially answered this
question. The study has clearly shown that the distributions
of the atmospheric pressure and the sea surface temperature
over the north Indian Ocean during the later period of
pre-monsoon season do have strong associations with the
subsequent monsoon. From amongst different pressure and
SST parameters of north Indian Ocean, two parameters;
namely, the mean atmospheric pressure over the Arabian
Sea (north of 5°N) during May, and the mean SST gradient
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Fig.7.  Latitudinal variation of composite SST anomalies during May
over the Arabian Sea for good and bad summer monsoon years

over the Arabian Sea between 7.5°N and 17.5°N during May
hold promise to become potential predictors for the Indian
summer monsoon rainfall.

However, it may be admitted that only pressure and
SST do not fully define the initial state of the sea and its
overlying atmosphere. Different energy exchan ge processes
taking place at the sea-air interface are also important. Thus
there are a number of oceanic parameters, which are func-
tions of pressure, SST wind, moisture and air temperature
that define the state of the sea and the pverlying atmosphere
in a more complete sense. Further analysis suggests that the
oceanic predictors from the Indian ocean would be very
useful in the prediction of monsoon rainfall/onset due to
their physical linkages with the monsoon.
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